The genesis of hemopoietic bone marrow was studied in matrix-induced transformation plaques and ossicles in subcutaneous spaces of thorax and abdomen of rat. With the advent of blood vessels in the plaque on day 9, there began a rapid and radical conglomerate shift, cartilaginous to osseous, which was nearly total in 72 hr. Incorporation of 59Fe into heme provided a sensitive quantitative assay for hemopoiesis. On day 12 the first colonies of hemopoietic cells were observed. These developed adjacent to cavernous sinuses which had formed to fill the void left by chondrolysis. Total occupation of the ossicle with hemopoietic marrow was found on days 23-28.
Certain fibroblasts possess the attribute of transformability; the effect can be demonstrated experimentally by two simple physiologic procedures. Transformation results when responding fibroblasts are brought in contact with epithelium (1) of several sorts or with bone matrix (2) .
The phenotypic expression of the fibroblasts becomes altered drastically and permanently after transformation. Approximation of the acid-insoluble fraction of bone with competent fibroblasts initiates a spectacular cascade of interconnected biological effects: encapsulation and the early induction of enzymes (3) is followed in a few days by the emergence of chondroblasts, osteoblasts, and hemocytoblasts in an orderly sequence (4) of scheduled events. Physical factors, including the geometry of the bone matrix (5), the electric charge (6) on its surface, and the availability of oxygen (7) , are critical determinants for its transforming ability.
Allogeneic transplantation of acid-insoluble rat diaphyseal bone matrix (TF) in grain form to a subcutaneous space within 24 hr results in a discrete encapsulated mass in which the particles of the transformant are engulfed. This mass constitutes the transformation plaque in which cartilage and bone form subsequently. Bone formation in the plaque creates an ossicle of considerable size; later bone marrow forms in the ossicle. This paper will describe the experimental formation de novo of bone marrow in these transformation ossicles. How does newly formed hemopoietic bone marrow develop? When does it reach full maturity? Does the site of the ossicle have an influence on myelopoiesis?
MATERIALS AND METHODS Bioassay. Dehydrated chips of rat femur and tibia were ground in a CRC Micro-Mill and sieved. All experiments were conducted with a pool of dry powders having particle size 74-420 Am. The powders were demineralized with 0.5 M HCl and extracted with water, ethanol, and ether as described (4). The residue was devoid of Ca2+; the total P content was 12.9 i 0.8 umol/g of dry weight. This preparation is a transformant of fibroblasts (TF).
Male and female rats, age 28-55 days, of Long-Evans strain were anesthetized with ether. Under sterile precautions a 1-cm incision was made in the skin and a subcutaneous pocket prepared by blunt dissection. A weighed knife-pointfull of TF (about 25-30 mg) was inserted and placed as a compact deposit on the floor of the surgically prepared space. The incision was closed with a metallic skin clip. There were two operative loci in upper thoracic and lower abdominal regions. Bilaterally symmetrical transplants in each region were made to provide 4 assay sites in each rat; the day of operation is designated day 0.
At the time of harvest the rats were anesthetized and exsanguinated by cardiac puncture with a 19-gauge hypodermic needle followed by decapitation. The transformation plaques were cleansed of adherent soft tissue and weighed. Tissue for histological section was preserved in Bouin's fluid; paraffin sections were stained with hematoxylin-eosin.
Enzyme Assay. Aliquots of harvested tissues were homogenized in ice-cold 0.15 M NaCl containing 3 washed thrice with 5-ml lots of 10% (w/v) CCl3COOH containing 1 mM nonradioactive thymidine and twice with absolute ethanol. The precipitate was dissolved in 0.5 ml of 88% (w/v) HCOOH in a boiling water bath for 10 min. The radioactivity in the formic acid was determined by liquid scintillation counting and expressed as cpm/mg of tissue after quench correction.
RESULTS
Two sorts of transformation ossicles were found at harvest after day 21. Some ossicles were dark red ( Fig. la) in color despite exsanguination of their host; in these plaques hemopoiesis was extensive. Other ossicles were white (Fig. lb) ; in these erythropoiesis was minimal or absent.
Histologic Sequence. TF was transplanted in symmetric subcutaneous spaces in the thoracic region of male rats age 28 days; the ensuing transformation plaques were harvested at daily intervals and sectioned equatorially for histologic examination.
On day 1 a button-like plaque was found; this consisted of grains of TF enmeshed in a fibrin coagulum which contained many polymorphonuclear leukocytes.
The leukocytes in the transformation plaque were transient. On day 3 the transformation plaque was a conglomerate of fibroblasts and TF with only an occasional persisting leukocyte.
On day 5 the first chondroblasts were evident. On days 7 and 8 the grains of TF in the core of the plaque were engulfed by large masses of chondrocytes which, in addition, formed bridges knitting them together to create a fused cartilaginous conglomerate of living chondrocytes and nonliving transformant. Mitoses were seen in many of the cartilage cells; capillaries were absent. On day 9 capillaries appeared in the conglomerate and chondrolytic foci were evident in proximity to invading blood vessels; the disappearance of cartilage resulted in the formation of cell-free spaces. A crop of osteoblasts was present.
On day 10 spectacular changes were evident. Chondrolytic activity was at a peak; much of the cartilage had vanished.
The cell-free spaces had enlarged and coalesced, forming a honeycomb. A profusion of osteoblasts, single and in clusters, accumulated on and invaded the grains of TF which had been denuded of cartilage. New bone coated the surface of the nonliving transformant and formed trabeculae between the particles of TF, resulting in porous cancellous bone containing the big cavernous spaces.
On day 12 the osseous conglomerate had formed (Fig. 2) , and it contained large cavernous sinuses lined with littoral endothelium. Colonies of hemopoiesis were first evident; these were extravascular and immediately adjacent to the cavernous sinuses. The hemopoietic colonies contained: small basophilic cells, hemoglobin-containing cells in the erythroblastic series, and primitive and mature granulocytes. On day 14, the first color appeared in the transformation plaques; it was light pink. There was complete vascular confluence and the vascular sinuses were engorged. On days 23-28 the transformation ossicles were dusky red; the bone marrow in the core of the plaques was packed with a dense population of hemopoietic cells. In the ossicles full hemopoiesis was attained on FIGS. 2-5. Photomicrographs of paraffin sections stained with hematoxylin and eosin. Fig. 2 . Osseous conglomerate on day 12 in the thoracic region of male rat, age 42 days; there are many cavernous sinuses (CS). X40. the values of measured components (Table 1) in the thoracic ossicles were increased: alkaline phosphatase +147%; 59Fe incorporation into heme +330%; acid-insoluble [3H]thymidine +283%. In histologic sections maximal hemopoiesis was found in the red ossicles; in the white ossicles hemopoiesis was sparse.
In females 30 thoracic and 31 abdominal ossicles were found at harvest. It was observed that 26/30 thoracic ossicles were red and that extensive hemopoiesis had occurred in these plaques in histologic sections; 4 ossicles were white. Of 31 abdominal ossicles, 14 were red and contained considerable hemopoiesis; 17 abdominal ossicles were white, and in these, hemopoiesis was sparse. As in males, with respect to abdominal ossicles, values of certain components ( There are two significant factors in the biogenesis of ossicles from fibroblasts brought about by coarse powders of acidinsoluble residue of diaphyseal bone. These are chemotaxis In the transformation plaques chemotactic attraction occurred both in rim and core, whereas transformation of fibroblasts into cells of other sorts took place only in core, never in rim. The crucial effect of obligatory location in the core of the plaque for transformation of fibroblasts to take place indicates significant physical and biochemical differences in these loci, the core and the rim.
The implantation of transformant in a subcutaneous space results in the fusion of living cells with nonliving transformant, constituting a biological conglomerate. The formation of hemopoietic bone marrow in a transformation ossicle requires the prior establishment of four successive and distinctive conglomerates.
Conglomerate I. The structure is represented [-leukocyte-TF-leukocyte-] On day 1 a button-like transformation plaque was found. This mass consisted of a fibrin coagulum in which grains of TF and large numbers of preformed polymorphonuclear leukocytes are enmeshed. Conglomerate I formed in both rim and core. The leukocytes were transient. The formation of the fibrin gel is attributed to the plasma-coagulative potency (9) of TF.
Conglomerate I. The structure is represented [-fibroblast-TF-fibroblast-] On day 3, the transformation plaque was a conglomerate of fibroblasts and TF; only an occasional leukocyte was present. Formation of Conglomerate II took place in both the rim and the core of the plaque. In the core, fibroblasts vanished at the time of cartilage formation; in the rim, fibroblasts were found after 2 The formation of hemopoietic bone marrow took place only in Conglomerate IV and it entailed critical and successive stages. In brief, the succession included: advent of capillaries; chondrolysis; osteogenesis; formation of a honeycomb of porous structure containing cavernous spaces in cancellous bone; conversion of cell-free spaces to cavernous sinuses lined with flat littoral endothelium; extravascular appearance of small basophilic cells; primitive and mature cells in the erythroblastic and granulocytic series; and megakaryocytes.
Colonies of hemopoietic bone marrow were first observed on day 12; full hemopoiesis was first noted on day 23.
A profound difference exists in the adult bone marrow of central bones as compared with outlying bones of mammalia and avia, the distal bones being at a great disadvantage from the standpoint of hemopoiesis. The primary influence of location is conditional on a thermal difference (10) . It has been found that the disadvantage is overcome by elevation of the temperature beyond that prevailing in these outlying regions.
In our experiments, anatomic site of the transformation plaque was of high significance for hemopoiesis. It was found that the thoracic region was highly advantageous for hemopoiesis, whereas, location in a subcutaneous space in the lower abdomen was disadvantageous.
